INTRODUCTION
============

Eradication rate of *Helicobacter pylori* has been declining for the past decades.[@b1-gnl-12-648]--[@b4-gnl-12-648] Clarithromycin resistance has been reported as an essential factor for eradication failure. Clarithromycin-based triple therapy (TT), a combination of clarithromycin, amoxicillin and proton pump inhibitor (PPI), is recommended as first-line regimen in areas where clarithromycin resistance is less than 15%.[@b5-gnl-12-648] However, clarithromycin resistance has been increasing in Asian countries including Korea for the past decades.[@b6-gnl-12-648],[@b7-gnl-12-648] Bismuth-based quadruple therapy (BQT), a combination of bismuth, PPI, metronidazole, and tetracycline, was generally adopted as second-line therapy because of its dose complexity and adverse events.[@b8-gnl-12-648],[@b9-gnl-12-648]

Several treatment strategies have been introduced to improve eradication rates; first, development of alternative regimen,[@b10-gnl-12-648]--[@b12-gnl-12-648] second, longer duration of therapy,[@b10-gnl-12-648] and third, performing antimicrobial susceptibility test before treatment.[@b13-gnl-12-648]--[@b16-gnl-12-648] Antimicrobial susceptibility test before *H. pylori* eradication therapy enables tailored therapy according to the results and showed better outcomes.[@b14-gnl-12-648]--[@b16-gnl-12-648] However, culture-based antimicrobial susceptibility test is time consuming and inconvenient as a routine clinical practice due to its cost and low success rate.[@b17-gnl-12-648]

Recently, clarithromycin resistance test using dual priming oligonucleotide-based multiplex polymerase chain reaction (DPO-based PCR) has been introduced. DPO-based PCR can detect *H. pylori* itself and mutation of 23sRNA which is essential for clarithromycin resistance.[@b18-gnl-12-648],[@b19-gnl-12-648] It is convenient to use and the results are obtained within a short period. The results of DPO-based PCR enable tailored eradication.[@b20-gnl-12-648] However, the cost-effectiveness of DPO-based PCR has not been investigated so far. The aim of this study was to evaluate the cost-effectiveness of DPO-based PCR for *H. pylori* eradication using an economic modeling analysis.

MATERIALS AND METHODS
=====================

1. Study population
-------------------

The Institutional Review Boards (IRBs) of The Catholic University of Korea approved this study (IRB approval number: OC17RESI0087). Medical records of patients' cohort who received eradication therapy for *H. pylori* between January 2015 and December 2016 in Incheon St. Mary's Hospital, Korea, were reviewed. All the study subjects underwent esophagogastroduo-denoscopy (EGD) and the presence of *H. pylori* was confirmed by rapid urease test (RUT; Bio Helicobacter Test, Shinsung Pharmaceutical Co., Ltd, Suwon, Korea), histology such as Giemsa stain, or DPO-based PCR under physician's discretion. DPO-based PCR was performed using Seeplex^®^ *H. pylori*-ClaR ACE Detection kit (Seegene Inc., Seoul, Korea). DPO-based PCR can detect A2142G and A2143G mutations of 23sRNA genes associated with clarithromycin resistance of *H. pylori*. Two pieces of gastric tissues were obtained for RUT and DPO-based PCR: one piece at antrum and corpus. For histology, four pieces of gastric mucosal biopsy were obtained: two pieces at antrum and corpus. Status of RUT was judged within 24 hours of sampling. *H. pylori* eradication was confirmed by ^13^C-urea breath test (UBT; Korea Otsuka Pharmaceutical Co., Ltd., Seoul, Korea) 4 to 6 weeks after eradication therapy. Inclusion criteria were as follows: (1) patients diagnosed with *H. pylori*; (2) patients who received eradication therapy; (3) patients confirmed of eradication 4 to 6 weeks after completion of treatment. Patients who received concomitant therapy or sequential therapy for clinical trials were excluded.

Patients were divided into two groups: (1) tailored group, those who underwent eradication therapy according to the results of DPO-based PCR; (2) empirical group, those who underwent eradication therapy without the results of DPO-based PCR. In the tailored group, TT was prescribed for the first-line eradication regimen in patients without clarithromycin resistance. For those who showed clarithromycin resistance, BQT or a combination of PPI, amoxicillin, metronidazole (PAM) was mainly prescribed as the first-line eradication regimen. For those who received TT as the first-line eradication regimen, the second-line eradication was conducted with BQT. For the second-line eradication therapy in patients with clarithromycin resistance, PAM was prescribed when BQT as the first-line therapy was failed. For those who received PAM as the first-line therapy, BQT was prescribed as the second-line therapy.

In the empirical group, TT was adopted as the first-line eradication regimen. BQT was followed as the second-line eradication regimen when TT was failed.

2. Outcomes
-----------

Total medical cost per patient was calculated in each group. The medical cost was sum of patient's payment and copayment of National Health Insurance. The cost of diagnosis for *H. pylori* infection, confirmation of *H. pylori* status after eradication therapy, and the cost of eradication regimen (cost of eradication regimen per day×eradication period) were calculated. Cost for outpatient clinic registration and EGD were not included. Medical cost for RUT, histology, and DPO-based PCR was 9.3, 10.1, and 52.2 USD, respectively. Cost for TT, BQT, and PAM per day were 3.6, 2.7, and 1.9 USD, respectively. ^13^C-UBT costed 37.1 USD. Additional costs, cost of the second-line eradication and ^13^C-UBT, were calculated when the first-line therapy failed. The first-line eradication, the second-line eradication, and the ultimate eradication rate were investigated in each group. The results of DPO-based PCR were investigated in the tailored group.

Based on the medical cost and eradication rate, an economic model of empirical treatment for *H. pylori* was investigated by treatment duration and eradication rate of empirical treatment.[@b21-gnl-12-648]

3. Statistics
-------------

Total medical cost per patient and eradication rates were compared between the two groups. In comparing the two groups, we used student t-test for continuous variables. Chi-square test and Fisher exact test were used for comparison of categorical variables. p\<0.05 was considered significant statistically. Cost for one-successful eradication was calculated as follows.

Cost for one-successful eradication=total medical cost/number of patients eradicated.

In the economic model, cost for expected one-successful eradication for empirical treatment was calculated. Variables included in the economic model were as follows: the first-line eradication rate (50%, 60%, 70%, 80%); the ultimate eradication rate (90%, 95%); eradication duration (7 days, 14 days). In the economic model, total cost per patient and expected cost for 1 successful eradication was calculated as the same manner as we calculated the medical cost in the present study. For example, assuming that 100 patients received empirical treatment for 7 days with the-first line eradication rate of 70%, 70 patients finished eradication with 7-day TT and checked ^13^C-UBT once. Remaining 30 patients who failed the first-line eradication received eradication regimen twice (7-day TT and 7-day BQT) and tested ^13^C-UBT twice. In the economic model, cost for diagnostic test was set at 10 USD. Total medical cost in the economic model was as follows.

Total medical cost for 100 patients who received eradication regimen for 7 days: 70 (10 USD+3.6 USD×7+37.1 USD)+30 (10 USD+3.6 USD×7+2.7 USD×7+37.1×2)=8,910 USD.

Assuming that the ultimate eradication rate was set at 90%, cost per one-successful eradication was 99 USD=8,910 USD/100/0.9.

Break-even point was defined where the cost of empirical treatment of the economic modeling was equal to the tailored treatment of current study. All statistical analyses were performed using SAS software (SAS Institute, Cary, NC, USA).

RESULTS
=======

1. Patients' characteristics
----------------------------

During this period, 2,269 patients were identified as *H. pylori* positive. Among them, 667 patients received eradication therapy. One hundred twenty-three patients who received concomitant therapy or sequential therapy were excluded. After exclusion of patients who were lost to follow up or took less than 80% drugs, 527 patients were included in the per-protocol analysis ([Fig. 1](#f1-gnl-12-648){ref-type="fig"}).

The baseline characteristics of the two groups are shown in [Table 1](#t1-gnl-12-648){ref-type="table"}. The mean age of the tailored group was higher than that of the empirical group (p=0.01). There were no significant differences in gender ratio, body mass index, or previous history of *H. pylori* eradication between the two groups. Previous eradication history was available in 140 of 527 patients (26.6%).

2. DPO-based PCR
----------------

DPO-based PCR was performed in 462 patients ([Fig. 1](#f1-gnl-12-648){ref-type="fig"}). Clarithromycin resistance by DPO-based PCR was found in 37.4% (173/462).

3. *H. pylori* eradication rate
-------------------------------

[Table 2](#t2-gnl-12-648){ref-type="table"} shows the results of *H. pylori* eradication therapy. For the first-line eradication, 513 (97.5%) and 14 (2.5%) patients received eradication regimen for 7 days and 14 days, respectively. Eradication period was extended in some patients who had previous history of *H. pylori* eradication. In the tailored group, 126 patients (60.6%) received TT in patients with clarithromycin resistance negative *H. pylori.* For 82 patients (39.4%) who were infected with clarithromycin resistant *H. pylori* on DPO-based PCR, 59 patients (28.4%) received BQT and 23 patients (11.0%) received PAM as the first-line therapies. In the empirical group, all of the 319 patients (100%) received TT as the first-line therapy. Eradication success rate of the first-line therapy was higher in the tailored group compared to the empirical group (91.8% vs 72.1%, p\<0.01). Among who failed in the first-line eradication, 22 patients refused second-line therapy. Eighty-four patients received the-second-line eradication and checked the status of *H. pylori*. The second-line eradication rate in the tailored group and the empirical group was 88.9% and 88.0%, respectively (p=0.36). Most of patients (91.7%, 77/84) received second-line eradication therapy for 7 days. Eradication regimen was extended to 14 days for seven patients who were clarithromycin resistant.

The ultimate eradication rate including second-line therapy did not show any difference between the two groups (tailored group 95.7% vs empirical group 92.8%, p=0.18). In the tailored group, TT and the ultimate eradication rate was 98.4% (124/126) and 100% (126/126), respectively, when DPO-based PCR showed clarithromycin sensitive. However, when DPO-based PCR showed clarithromycin resistant, the eradication rates of BQT and PAM were 84.7% and 73.9%, respectively (p=0.25) and the ultimate eradication rate was 89.0% (73/82). Among the patients who failed in the first-line therapy, 47.1% (8/17) in the tailored group and 15.7% (14/89) in the empirical group refused to receive second-line therapy. Duration of drug administration in the tailored group was shorter compared to the empirical group (7.7 days vs 9.1 days, p\<0.01).

4. Medical costs
----------------

Medical costs of each group are presented in [Table 3](#t3-gnl-12-648){ref-type="table"}. Total medical cost per patient in the tailored group and in the empirical group was 114.8±14.1 and 85.8±24.4 USD, respectively (p\<0.01). Cost for diagnostic method was higher in the tailored group (52.2±0 USD vs 10.0±0.3 USD, p\<0.01). Cost for eradication regimen and ^13^C-UBT was higher in the empirical group (23.9±7.7 USD vs 30.4±9.4 USD, p\<0.01; 38.7±7.6 USD vs 45.3±15.7 USD, p\<0.01, respectively). Total medical costs for one-successful eradication in the tailored group and in the empirical group were 120.0 USD, and 92.4 USD, respectively.

5. Economic modeling of empirical treatment
-------------------------------------------

Economic modeling of empirical treatment is shown in [Fig. 2](#f2-gnl-12-648){ref-type="fig"} and in [Table 4](#t4-gnl-12-648){ref-type="table"}. Cost of TT and BQT, analyzed in the economic modelling were as follows: 7-day TT, 25.2 USD;14-day TT, 50.4 USD; 7-day BQT, 18.9 USD; 14-day BQT, 37.8 USD. For example, assuming the first-line and the ultimate eradication rate of 7-day empirical treatment of 50% and 90% respectively, total cost per patient and cost for one successful eradication would be 100.3 and 111.4 USD, respectively.

Expected cost for one-successful eradication of 7-day treatment and 14-day treatment were 87.9 to 111.4 USD and 118.4 to 149.9 USD, respectively. Break-even point was reached fulfilling the following conditions: (1) the first-line eradication rate: 80%, (2) the ultimate eradication rate: 95%, (3) duration of empirical treatment: 14 days. Cost of one-successful eradication for tailored group would be similar or superior compared to the expected cost for 14-day empirical treatment when the first-line eradication rate is 80% or less ([Fig. 2](#f2-gnl-12-648){ref-type="fig"}). Given the eradication rate in the current study, tailored treatment using DPO-based PCR will be cost effective when the cost of DPO-based PCR is 24.6 USD, which is almost 30 USD cheaper than the current price.

DISCUSSION
==========

This is the first investigation on the cost-effectiveness of clarithromycin resistance test using DPO-based PCR. In the current study, we compared the eradication rate and medical cost between those who underwent DPO-based PCR or not. Since the incidence of clarithromycin resistance was as high as 40% in Korea, the eradication rate of the first-line therapy was higher in the tailored group. However, the ultimate eradication rate showed no difference between the tailored group and empirical group. Based on the economic model, considering the current medical cost and the eradication rate in Korea, cost for one-successful eradication using DPO-based PCR would be cost-effective when the first-line eradication rate of 14-day empirical treatment is 80% or less.

DPO-based PCR results showed that clarithromycin resistance was 40%, which was the highest compared to recent studies in Korea.[@b7-gnl-12-648],[@b20-gnl-12-648],[@b22-gnl-12-648] It is plausible that this study included not only *H. pylori* eradication naïve patients but also patients who were exposed to previous *H. pylori* eradication therapy. Other possible cause is recent increase in clarithromycin resistance considering that clarithromycin resistance has been doubled in a short period (16.7% during 2003--2005 vs 32.0% during 2007--2009, p=0.01) and this study is the very recent study performed from 2015 to 2016.[@b7-gnl-12-648]

Eradication rate of the first-line therapy was 90% in the tailored group, which was consistent with previous studies.[@b20-gnl-12-648],[@b23-gnl-12-648] Although the ultimate eradication rate did not differ between the two groups, the eradication rate of first-line therapy was 20% lower in the empirical group compared to the tailored group. Thirty percent of patients in the empirical group received unnecessary antibiotics as a first-line therapy. To overcome high failure rate of empirical therapy, especially TT for 7 days, regimen of empirical therapy should be changed in Korea. However, BQT, sequential therapy or concomitant therapy did not show superiority over TT for the first-line eradication regimen in Korea.[@b24-gnl-12-648],[@b25-gnl-12-648] Further studies are anticipated in the future.

In Korea, TT for 7 days is a standard regimen as first-line therapy for *H. pylori* eradication therapy and reimbursed by National Health Insurance. Many guidelines recommend that longer duration of TT such as 14 days duration can achieve higher eradication rate.[@b5-gnl-12-648] Two meta-analyses reported that 14-day TT showed higher eradication rate compared with that of TT for 7 days.[@b26-gnl-12-648],[@b27-gnl-12-648] However, previous study in Korea showed that TT for 7 days was not inferior to TT for 14 days.[@b28-gnl-12-648] In the current study, eradication rate of the first-line therapy and the ultimate eradication rate was 98.4% and 100%, respectively in clarithromycin sensitive group. Considering that success rate of *H. pylori* culture is not so high, DPO-based PCR can be a good option to determine the regimen in areas with high clarithromycin resistance. In the tailored group, metronidazole was included both in the first-line and the second-line eradication for patients who were clarithromycin resistant and failed first-line eradication. Because this study is retrospective cohort study, eradication regimen was not standardized. Eradication regimen was chosen under physician's discretion. Metronidazole resistance can be overcome with prolonging treatment duration.[@b29-gnl-12-648] For those patients, we extended eradication duration to 14 days. Among seven patients who received metronidazole twice, eradication was done in six patients (85.7%).

Total costs were higher in the tailored group. However, due to higher eradication failure of the first-line therapy, cost for eradication regimen and ^13^C-UBT was higher in the empirical group. The cost of DPO-based PCR was 40 USD higher than the other diagnostic methods, which contributed to higher total medical cost in the tailored group.

Although we could not prove the cost-effectiveness of clarithromycin resistance test using DPO-based PCR, there are some points to expand this concept. First, the cost of eradication regimen, diagnostic methods, and ^13^C-UBT vary among the countries. Second, we did not include the cost for outpatient clinic registration. Patients in the empirical group visited outpatient clinic more because of higher first-line eradication failure. If we included cost for outpatient clinic to total cost, the difference of two groups might be decreased.

We developed an economic model to expect the point where DPO-based PCR would be economically justified under various eradication rate and treatment duration of empirical treatment. Because eradication regimen is chosen according to the clarithromycin resistance, there might be less likelihood of variability for successful eradication cost in the tailored group. Cost for one successful eradication will be increased when the first-line eradication or the ultimate eradication rate is low for empirical treatment. When eradication regimen is prescribed for 7 days, there would be no cost effectiveness in any eradication rate. However, tailored therapy using DPO-based PCR has cost-benefit when the first-line eradication rate of 14-day empirical treatment was 80% or less. We also suggest that tailored treatment is cost-effective when the price of DPO-based PCR was cut down by 30 USD, given the current eradication rate of tailored treatment and empirical treatment.

With the increase of clarithromycin resistance, usefulness of DPO-based PCR was proved in several studies.[@b19-gnl-12-648],[@b20-gnl-12-648] However, cost-effectiveness should be justified to adopt this strategy as standard diagnostic method. Thus, our study has strength to investigate the cost-effectiveness of DPO-based PCR using economic modelling for the first time. Because there was no study regarding economic analysis of *H. pylori* eradication, we referred to economic modelling regarding prophylactic clipping for prevention of bleeding after post-polypectomy bleeding.[@b21-gnl-12-648]

There are several limitations in the current study. First, because of retrospective design in nature, some data were missing and selection bias might have occurred. History of *H. pylori* eradication which was important for clarithromycin resistance was available in 25.6% patients. Compliance and adverse events were not investigated. Second, baseline characteristics including indication for endoscopy differed between the two groups. Patients who received endoscopic resection for the treatment of early gastric neoplasia were 48.6% in the tailored group and 16.4% in the empirical group (p\<0.01). Because DPO-based PCR was done under physician's discretion, more patients who received endoscopic treatment underwent DPO-based PCR. However, patient's characteristics did not affect eradication of *H. pylori*. Third, metronidazole was included both in the first-line and the second-line eradication regimen in patients who showed clarithromycin resistance. Although metronidazole resistance can be overcome by extension of treatment duration, choice of eradication regimen was not proper. For second-line eradication who are resistant to clarithromycin, alternative eradication regimen such as fluoroquinolone replacing metronidazole might be proper. Further studies are required for these patients.

In conclusion, although the first-line eradication rate was higher in the tailored group compared to empirical group, the ultimate eradication rate did not differ between the two groups. We developed an economic modeling of *H. pylori* eradication. Based on our economic modeling, the cost of ultimate one successful eradication using DPO based PCR was lower than the cost of 14-day empirical treatment, especially under the circumstances with the first-line eradication rate cannot reach 80%. This treatment strategy did not show cost-effectiveness compared to 7-day empirical treatment. This can be elucidated further with prospective studies.
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DPO-based PCR, dual priming oligonucleotide-based polymerase chain reaction; RUT, rapid urease test; TT, triple therapy (proton pump inhibitor \[PPI\], amoxicillin, clarithromycin); BQT, bismuth quadruple therapy; PAM, PPI, amoxicillin, metronidazole.](gnl-12-648f1){#f1-gnl-12-648}

![Economic modeling of empirical treatment.\
UDS, United States dollars. \*Indicates one-successful eradication for tailored group matching for empirical treatment.](gnl-12-648f2){#f2-gnl-12-648}

###### 

Baseline Characteristics of Patients Included in This Study

  Characteristics                                                              Tailored group (n=208)   Empirical group (n=319)   p-value
  ---------------------------------------------------------------------------- ------------------------ ------------------------- ---------
  Age, yr                                                                      58.4±12.2                56.2±10.5                 0.03
  Male sex                                                                     138 (66.3)               191 (59.9)                0.13
  BMI, kg/m^2^                                                                 24.2±3.3                 24.1±3.3                  0.69
  Indication for endoscopy                                                                                                        \<0.01
   Screening                                                                   14 (6.7)                 167 (52.4)                
   ESD, EMR                                                                    102 (49.0)               53 (16.6)                 
   Functional upper                                                            63 (30.4)                79 (24.8)                 
    GI                                                                                                                            
   Bleeding, anemia                                                            29 (13.9)                20 (6.2)                  
  Previous history of eradication[\*](#tfn3-gnl-12-648){ref-type="table-fn"}   9/31 (29.0)              39/109 (35.8)             0.49

Data are presented as mean±SD or number (%).

BMI, body mass index; ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; GI, gastrointestinal.

Missing data for *Helicobacter pylori* eradication: 177 tailored group and 210 empirical group.

###### 

The Eradication Rates in Each Group

  Eradication rate               Tailored group (n=208)   Empirical group (n=319)   p-value
  ------------------------------ ------------------------ ------------------------- ---------
  First-line eradication rate    191 (91.8)               230 (72.1)                \<0.01
   TT                            124/126 (98.4)           230 (72.1)                
   BQT                           50/59 (84.7)                                       
   PAM                           17/23 (73.9)                                       
  Second-line eradication rate   8/9 (88.9)               66/75 (88.0)              0.36
   TT → BQT                      2/2 (100.0)              66/75 (88.0)              
   BQT → PAM                     2/3 (66.7)                                         
   PAM → BQT                     4/4 (100.0)                                        
   Ultimate eradication rate     199 (95.7)               296 (92.8)                0.18

Data are presented as number (%).

TT, triple therapy; BQT, bismuth quadruple therapy; PAM, proton pump inhibitor (PPI), amoxicillin, metronidazole.

###### 

Medical Costs for Each Group

  Costs (USD)                                Tailored group (n=208)   Empirical group (n=319)   p-value
  ------------------------------------------ ------------------------ ------------------------- ---------
  Total costs per patient                    114.8±14.1               85.8±24.4                 \<0.01
   Diagnostic method                         52.2±0                   10.0±0.3                  \<0.01
   Eradication regimen                       23.9±7.7                 30.4±9.4                  \<0.01
   ^13^C-UBT                                 38.7±7.6                 45.3±15.7                 \<0.01
  Total costs for 1 successful eradication   120.0                    92.4                      \-
   Diagnostic method                         54.6                     10.8                      
   Eradication regimen                       24.9                     32.8                      
   ^13^C-UBT                                 40.4                     48.9                      

Data are presented as mean±SD.

USD, United States dollars; UBT, urea breath test.

###### 

Economic Modelling of Empirical Treatment

  ----------------------------------------- ------- ------- ------- ------- ------- ------- ------- -------
  7-Day treatment                                                                                   
   First-line eradication success, %        50      50      60      60      70      70      80      80
   Ultimate eradication success, %          90      95      90      95      90      95      90      95
   Total cost per patient, USD              100.3   100.3   94.7    94.7    89.1    89.1    83.5    83.5
   Cost for 1 successful eradication, USD   111.4   105.6   105.2   99.7    99.0    93.8    92.8    87.9
                                                                                                    
  14-Day treatment                                                                                  
   First-line eradication success, %        50      50      60      60      70      70      80      80
   Ultimate eradication success, %          90      95      90      95      90      95      90      95
   Total cost per patient, USD              135.0   135.0   127.5   127.5   120.0   120.0   112.5   112.5
   Cost for 1 successful eradication, USD   149.9   142.1   141.6   134.2   133.3   126.3   125.0   118.4
  ----------------------------------------- ------- ------- ------- ------- ------- ------- ------- -------

USD, United States dollars.
